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GHIHFW LPDJLQJ WHFKQLTXH ZDV XVHG WR LGHQWLI\ RQH DQG WZR FLUFXODU KROHV LQ SLSHV XVLQJ WKH 7   PRGH E\
+D\DVKLHWDO>@DQG'DYLHVHWDO>@ZRUNHGRQGHIHFW LPDJLQJXVLQJV\QWKHWLFDOO\IRFXVHG LPDJLQJ WHFKQLTXHV
IRUKLJKUHVROXWLRQJXLGHGZDYHSLSHLQVSHFWLRQ$WSUHVHQWPRUHDQGPRUHDWWHQWLRQVKDYHEHHQSDLGWRH[SORUH7
PRGH LQVSHFWLRQ LQSLSHV)RU LQVWDQFH/LXHWDO >@ LQVSHFWHGFLUFXPIHUHQWLDODQGD[LDOFUDFNOLNHGHIHFWV
XVLQJ 7   PRGH LQ WKH VWUDLJKW SLSH DQG WKH UHVXOWV VKRZ WKDW 7   PRGH FDQ GHWHFW ERWK D[LDO DQG








HW DO>@ KDYH VWXGLHG WKH LQIOXHQFLQJ IDFWRUV ZKLFK DIIHFW WKH JXLGHG ZDYH¶V SURSDJDWLRQ LQFOXGLQJ FRUURVLRQ
FRDWLQJ OD\HUDQG WHPSHUDWXUH:KDW¶PRUH0DHWDO>@DQDO\VHG WKHUHIOHFWLRQ IURPHOOLSWLFDODQGFLUFXODU'
GHIHFWVZLWKOLQHDUYDULDWLRQRIWKHGHSWKWKURXJKWKHWKLFNQHVVLQSODWHV
7KHDIRUHPHQWLRQHGUHVHDUFKHVKDYHVKRZQGLIIHUHQW OHYHOVRIVXFFHVV LQSLSH LQVSHFWLRQ+RZHYHU LW LVQRWHG
WKDWOHVVLQIRUPDWLRQLVDYDLODEOHZLWKUHVSHFWWRWKHLQIOXHQFHRIIUHTXHQF\WRPRGHFRQYHUVLRQDQGWKHGHWHFWLRQ
VHQVLWLYLW\RIGHIHFWV LQGLIIHUHQWDUHDVRIHOERZ,QSUDFWLFHGHIHFWVFRXOGEH IRXQG LQ WKHZKROHDUHDRI WKH
EHQG 7KH SURSDJDWLRQ FKDUDFWHULVWLFV RI WKH 7 PRGH JXLGHG ZDYH DFURVV WKH EHQGV FRQWDLQLQJ GHIHFW DUH





2.1. Guided mode properties and mode selection. 
*XLGHG ZDYH SURSDJDWLRQ SURSHUWLHV LQ SLSH DUH H[WUHPHO\ FRPSOLFDWHG WKH GLVSHUVLRQ FXUYHV RIIHUV WKH
H[SODQDWLRQRIWKHPRGHSURSHUWLHV)LJDVKRZVJURXSYHORFLW\GLVSHUVLRQFXUYHVIRUDPP2'PPZDOO
VWHHOSLSHLQWKHIUHTXHQF\UDQJLQJIURPN+]WRN+]ZKLFKDUHGUDZQE\WKHGLVSHUVLYHFXUYHVVRIWZDUH$
QXPEHURI IOH[XUDOPRGHVFDQEHIRXQG LQFOXGLQJ)PRGHDQGVRRQZKLFKPD\EULQJPDQ\GLIILFXOWLHV LQ
GHWHFWLRQ)URP)LJELWFDQEHVHHQWKDWVHYHUDOWRUVLRQDOPRGHVH[LVWLQWKHIUHTXHQF\UDQJLQJIURPN+]WR
0+]LQWKHVDPHSLSH7KHUHLVRQO\7ZKLFKLVRQO\QRQGLVSHUVLRQDPRQJWRUVLRQDOPRGHVLQWKHIUHTXHQF\
UDQJHVRIN+]a0+] WKHUHIRUH LW VKRXOGEHYHU\GHVLUDEOH IRUGHWHFWLQJGHIHFWV IRU ORQJUDQJH LQVSHFWLRQVRI
SLSHV7RUVLRQDOPRGHLVDQD[LV\PPHWULFRQHZKRVHYLEUDWLRQH[LVWVRQO\LQWKHFLUFXPIHUHQWLDOGLVSODFHPHQWDQG
EDVHGRQWKLVYLEUDWLRQFKDUDFWHULVWLF7PRGHLVVHOHFWHGWRLQVSHFWD[LDOFUDFNOLNHGHIHFWVLQWKHSLSHOLQH




2.2. Experiments Set-up 
&DUERQ VWHHO EHQW SLSHVZLWK GLPHQVLRQV RI PP RXWVLGH GLDPHWHU PP WKLFNQHVV DQG PP OHQJWK
KDYHEHHQXVHGLQWKLVUHVHDUFK7KHUDGLXVRIDOOHOERZVLVPPDQGWKHDQJOHRIDOOEHQGVe
$[LDO WKURXJKZDOO FUDFNVDUHDUWLILFLDOO\PDFKLQHGRQ WKHEHQGV7KHZLGWKDQG OHQJWKRI FUDFNV LVPPDQG
PP UHVSHFWLYHO\ $FFRUGLQJ WR WKH VWUXFWXUH IHDWXUH RI WKH HOERZ D[LDO FUDFNV DUH VHW LQ WKH PLGGOH DUHD DQG
H[WUDGRVRIWKHHOERZUHVSHFWLYHO\
6KHDUPRGHSLH]RHOHFWULFHOHPHQWVZLWKDVL]HRIPPORQJPPZLGWKDQGPPWKLFNQHVVDUHDWWDFKHGLQ
WKH SLSH HQG DV DFWXDWRU 7KHZDYHIRUP JHQHUDWRU FDQ JHQHUDWH D EXUVW ZKLFK LV DPXOWLF\FOH VLQXVRLGDO VLJQDO
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SLH]RHOHFWULF WUDQVGXFHUVDUHHTXDOO\SDVWHGRQRQHHQGRI WKHSLSHDQGVRDV WRH[FLWH WRUVLRQDOPRGH7$V




2.3. 3D Finite Element Simulation 
)LQLWHHOHPHQWPHWKRGLVXVHGWRVLPXODWHJXLGHGZDYHSURSDJDWLRQLQWKHHOERZZLWKDQD[LDOFUDFNOLNHGHIHFW
7KH SDUDPHWHUV RI WKH EHQW SLSH DUH VKRZQ LQ 7DEOH  7KH ILQLWH HOHPHQW PRGHO LV HVWDEOLVKHG EDVHG RQ WKH
JHRPHWU\ RI WKH SLSH ZKLFK XVHV VROLG HOHPHQW DQG LV PHVKHG LQ VXLWDEOH VL]H E\ WKHPHWKRG RI VZHHS %\
UHPRYLQJ WKH GLYLGHG JULG FHOO WR SURGXFH D[LDO FUDFN GHIHFWV WKH GHIHFW VL]H RI VLPXODWLRQ ZLOO EH FDOFXODWHG



























3.1.   Effects  of  excitation  frequency  on guided wave inspection 
7KH6KHDUPRGHSLH]RHOHFWULFHOHPHQWVDUHH[FLWHGWRLQVSHFWWKHSLSHZLWKRXWGHIHFWVDW WKHIUHTXHQF\UDQJLQJ
IURPN+] WRN+]%\FRPSDULQJ WKHGHWHFWLRQ VHQVLWLYLW\DQG WKH UDWHVRIPRGHFRQYHUVLRQ WKH VLJQDOVRI
UHFHLYHGZDYHIRUPV DW WKH IUHTXHQFLHV RIN+] N+] DQGN+]DUH DEOH WR UHIOHFW WKH WUHQGV RIGHWHFWLRQ
VHQVLWLYLW\ZLWKGLIIHUHQWH[FLWDWLRQIUHTXHQFLHV7KHUHFHLYHGWLPHGRPDLQVLJQDOVDUHVKRZQLQ)LJ






$FFRUGLQJ WR WKH )LJ D WKHUH DUH WKUHH REYLRXV ZDYHIRUPV LQFOXGLQJ HOERZ UHIOHFWHG ZDYHIRUP DQG WZR
ZDYHIRUPV JHQHUDWHG E\PRGH FRQYHUVLRQ EHWZHHQ WKH H[FLWLQJZDYHIRUP DQG HQG UHIOHFWHGZDYHIRUP:H FDQ
KHQFHFRQFOXGH WKDWPRVWRIPRGH7FDQSDVV WKRXJKWKHHOERZLQ WKHIUHTXHQF\RIN+] ,WFDQDOVREH
IRXQG WKDW WKHDUULYDO WLPHRI HQG UHIOHFWHGZDYHIRUP LV0VDW WKH IUHTXHQF\RIN+]DQG WKHSURSDJDWLRQ






%XW WKHPRGHFRQYHUVLRQ LVPRUH VHULRXV DQG WKHQXPEHURIZDYHIRUPV LQFUHDVHV DW WKH IUHTXHQF\RIN+]DV
VKRZQLQWKH)LJF6KRUWWLPH)RXULHUWUDQVIRUPLVXVHGWRDQDO\]HWKHPRGHFRQYHUVLRQRFFXUUHGLQHOERZ























DPSOLWXGH LV UHODWLYHO\ ODUJH LQ WKH IUHTXHQF\ UDQJLQJ IURP  N+] WR  N+] &RPSDULQJ WKH UDWHV RI PRGH
FRQYHUVLRQN+]LVVHOHFWHGWREHWKHLQVSHFWLRQIUHTXHQF\




3.2.  Guided wave detection of Crack-like defect in elbow 
%DVHGRQWKHDERYHDQDO\VLV7PRGHFDQSDVVWKURXJKWKHHOERZZLWKDORZHUPRGHFRQYHUVLRQUDWHDWWKH
IUHTXHQF\ RI  N+] 7KH FUDFNOLNH GHIHFWV LQ WKH H[WUDGRV DQG PLGGOH DUHD RI DQ HOERZ DUH GHWHFWHG LQ WKH
IUHTXHQF\RIN+]7KHWHVWUHVXOWVDUHVKRZQLQ)LJ$FFRUGLQJWRWKHDERYHDQDO\VLVRIWKHEHQWSLSHZLWKRXW
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)URP WKH)LJ LW LV VHHQ WKDW7PRGHSDVV WKURXJK WKH HOERZ LQ WKLV IUHTXHQF\ DQG D VPDOO DPRXQWRI
UHIOHFWHGZDYHIRUPLVJHQHUDWHGLQHOERZZLWKDOLWWOHPRGHFRQYHUVLRQ













ELJJHU WKDQ WKDW LQ H[SHULPHQW ,W FDQ EH FRQFOXGHG WKDW ILQLWH HOHPHQW PHWKRG FDQ ODUJHO\ UHIOHFW H[SHULPHQW
SKHQRPHQRQ EXW FDQQRW H[DFWO\ UHIOHFW WKH UDWHV RI PRGH FRQYHUVLRQ 7KHPRVW OLNHO\ FDXVH RI WKH GLIIHUHQFHV







GHFUHDVHZLWK WKHIUHTXHQF\ LQFUHDVLQJ0RVWRIPRGH7FDQSDVV WKURXJKHOERZZLWKD UHODWLYHO\ ORZPRGH





)LQLWHHOHPHQW VLPXODWLRQFDQ ODUJHO\ UHIOHFW WKHH[SHULPHQWSKHQRPHQRQEXWFDQQRWDFFXUDWHO\ UHIOHFW WKH
UDWHVRIPRGHFRQYHUVLRQ
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